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TESTS  OF  PACKING  BOXES  OF  VARIOUS  FORMS. 


PURPOSE  AND  SCOPE  OF  THE  TESTS. 

A  large  amount  of  wood  now  wasted  could  be  saved  through  im- 
provement in  the  design  of  packing  boxes.  The  matter,  however, 
is  important  not  only  from  the  standpoint  of  a  better  utilization  of 
forest  products,  but  also  from  that  of  the  shipper,  who  suffers  annually 
great  loss  through  damage  to  goods  in  transit,  due  to  inferior  contain- 
ers, and  from  that  of  the  box  manufacturer,  who  wishes  to  reduce 
costs. 

A  box  made  entirely  of  high-grade  or  expensive  lumber  may  not 
be  as  serviceable  as  one  made  in  part  at  least  of  inferior  material. 
Moreover,  if  any  part  of  a  box  is  unnecessarily  rigid  the  remaining 
parts  will  be  subjected  to  undue  stress,  and  it  is  therefore  not  only 
possible  to  waste  material  by  making  some  part  exceptionally 
heavy,  but  at  the  same  time  actually  to  produce  an  inferior  box. 

The  tests  described  in  this  circular  were  made  in  cooperation  with 
the  Bureau  for  the  Safe  Transportation  of  Explosives  and  Other 
Dangerous  Articles,  at  the  Forest  Products  Laboratory,  maintained 
in  cooperation  with  the  University  of  Wisconsin,  Madison,  Wis. 
Only  a  few  types  of  boxes  were  tested,  and  the  work  completed 
covers  but  a  small  part  of  the  field  of  box  construction.  The  methods 
used  at  the  laboratory  are  given  in  sufficient  detail,  however,  to 
serve  as  a  guide  to  manufacturers  and  users  of  boxes  who  wish  to 
continue  and  extend  the  work. 

MATERIAL  TESTED. 

Ninety-six  boxes  were  tested,  of  which  24  were  nailed,  32  were 
wdre  bound,  and  40  were  dovetailed.  In  each  case  one-third  the 
number  were  "small,"  one-third  "medium,"  and  one-third  "large," 
the  capacity  of  each  size  being,  respectively,  6,  12,  and  20  one-gallon 
cans,  4  by  6  inches  in  cross-section,  and  made  of  30-gauge  (U.  S. 
standard)  tm.  The  boxes  are  described  in  detail  in  Tables  6,  7, 
and  8.  Before  being  tested  each  box  was  carefully  described  in 
regard  to  the  following  points:  Style  or  design;  size  (inside)  and 
capacity;  character  and  thickness  of  material;  kind,  size,  and  spac- 
ing of  nails;  apparent  condition;  weight  (1)  of  box,  (2)  of  contents; 
and  arrangement  of  contents. 
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METHODS   OF   TEST. 


Diagonal  compression,  endwise  compression,  and  drop  tests  were 
made.  These  show  the  relative  strength  of  the  boxes  when  sub- 
jected to  stresses  which  are  distributed  more  or  less  throughout  the 
box.  They  do  not  show  the  ability  of  the  boxes  to  resist  local  frac- 
ture, such  as  might  be  caused  by  one  box  falling  cornerwise  on  top 
of  another.  Resistance  to  a  stress  of  this  kind  depends  chiefly  upon 
the  strength  of  the  board  receiving  the  blow. 

Not  all  the  tests  were  conducted  strictly  in  accordance  with  the 
plan  which  follows,  since  some  were  made  before  all  the  details  of 
the  method  were  developed.  At  the  beginning,  in  the  drop  tests, 
each  box  was  dropped  from  a  height  of  48  inches  a  sufficient  number 
of  times  to  cause  complete  failure.  A  few  tests  demonstrated  that 
this  was  too  severe,  and  the  drop  was  changed  to  36  inches.  Later 
the  increment  plan  was  adopted. 

Each  box  was  filled  to  its  capacity  with  cans  of  w^ater  of  the  size 
and  style  described  under  ''Material  tested." 

ENDWISE-COMPRESSION    TEST. 

In  the  endwise-compression  tests  the  box  was  compressed  between 
two  flat  surfaces  in  the  direction  of  its  longest  dimension.  The  rate 
of  compression  was  0.065  inch  per  minute.  The  test  was  discon- 
tinued when,  after  passing  the  maximum  load,  the  box  failed  to 
sustain  50  per  cent  of  this  load. 

This  test  yields  load,  compression,  and  work  values,  though  these 
are  less  significant  than  those  obtained  from  the  diagonal  test,  since 
all  parts  of  the  box  are  not  under  stress.  In  endwise  compression 
they  depend  largely  upon  the  character  and  thickness  of  the  material 
composing  the  sides,  top,  and  bottom.  The  construction  of  the  box 
plays  a  relatively  unimportant  part,  though  it  may  affect  the  ten- 
dency of  the  sides  to  buckle.  The  end  bearing  of  the  box  may  affect 
the  results  to  some  extent. 

DIAGONAL-COMPRESSION    TEST. 

In  the  diagonal-compression  test  (see  fig.  1)  the  box  was  com- 
pressed in  the  direction  of  a  line  connecting  diagonally  opposite 
corners.  The  rate  of  compression  was  0.50  inch  per  minute.  The 
test  was  discontinued  when,  after  passing  the  maximum  load,  the 
box  failed  to  sustain  50  per  cent  of  this  load. 

The  diagonal-compression  test  produces  stress  in  every  part  of  the 
box  to  a  greater  extent  than  do  either  of  the  two  other  tests.  It  is 
the  measure  of  the  ability  of  the  box  to  resist  a  slowly  applied  or 
continuous  steady  load.  The  principal  values  obtained  are  the 
maximum  load,  compression  at  maximum  load  and  at  the  end  of  the 
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test,  and  the  computed  values  of  work  from  the  beginning  to  the 
maximum  load  and  to  the  end  of  the  test,  respectively.  These  latter 
are  graphically  represented  b}'  the  areas  under  the  curve  in    the 


Fig.  1.— Mpthod  of  conducting  endwise-compression  test. 

load-compression  diagi-am.  The  work  values  are  the  measure  of  the 
shock-resisting  ability  of  the  box.  The  compression  shows  the 
amount  of  deformation  of  the  box  for  various  loads. 
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DROP  TEST. 


In  the  drop  test  (see  fig.  2)  the  box  was  suspended  with  its  diag- 
onally opposite  corners  in  a  vertical  line,  then  allowed  to  drop 
through  a  distance  of  1  foot  upon  a  platform  2  feet  square  and 
approximately  3^  inches  thick,  consisting  of  two  thicknesses  of 
plank  nailed  together  at  right  angles  to  each  other.  The  platform 
rested  directly  upon  a  cement  floor.  The  test  was  continued,  adding 
6  inches  to  each  preceding  drop,  until  the  cans  fell  from  the  box. 

This  test  approaches  more  nearly  the  conditions  of  service  than 
either  of  the  other  tests.  It  does  not,  however,  yield  similar  mathe- 
matical results,  and  a  comparison  of  the  behavior  of  the  various 
types  of  boxes  tested  must  be  based  largely  upon  the  character  and 

amount  of  the  failures. 

RESULTS. 

The  results  of  the  tests  are  given  in  Tables  1  to  5,  inclusive.  The 
principal  ones  obtained  from  the  compression  tests  are  also  shown 
graphically  in  figures  3  and  4.  In  that  portion  of  the  diagrams 
showing  work  to  maximum  load  values,  the  actual  values  computed 
from  the  tests  are  indicated  by  the  total  length  of  the  Hnes.  The 
solid  black  portion  represents  these  values  reduced  to  a  basis  of 
boxes  of  6  gallons  capacity — the  size  of  the  smallest  tested. 

ENDWISE-COMPRESSION    TEST. 

Most  of  the  nailed  boxes  were  constructed  with  tw^o  battens  on 
each  end,  so  that  only  the  sides  of  the  box  had  good  bearing  in  this 
test.  Thus,  the  loads  which  the  boxes  would  support  were  less 
than  might  be  expected  from  the  thickness  of  the  material  used  in 
their  construction.  Resistance  to  shock,  however,  would  not  be 
effected  in  the  same  degree.  The  wires  of  the  wire-bound  boxes, 
to  a  large  extent,  prevented  buckling  of  the  sides  and  caused  these 
boxes  to  give  results  relatively  high  for  the  thickness  of  material. 
The  absolute  values,  however,  were  lower  for  the  wire-bound  than 
for  the  dovetailed  and  for  most  of  the  nailed  boxes. 

DIAGOXAL-COMPRESSION   TEST. 

In  the  diagonal-compression  test  (fig.  4)  the  dovetailed  boxes 
with  thick  ends  and  the  wire-bound  boxes  withstood  about  the 
same  loads.  The  dovetailed  boxes  with  thin  ends  and  the  nailed 
boxes  gave  much  lower  values.  In  work  to  maximum  load  (shock- 
resisting  ability)  the  dovetailed  boxes  wdth  thin  ends  gave  exceed- 
ingly low  values.  Those  with  thick  ends  gave  much  higher  values, 
yet  not  as  high  as  were  given  b}^  the  nailed  boxes  other  than  those 
with  single-piece  ends.  The  wire-bound  boxes  showed  much  the 
highest  work  values.  In  stiffness,  or  rigidity,  the  dovetailed  boxes 
were  much  superior  to  others  tested.  This  is  shown  by  the  lower 
values  for  compression  at  maximum  load  (Table  2). 
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Fig.  2.— Method  of  conducting  drop  test. 
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TESTS  OF  PACKING  BOXES. 
DROP  TEST. 


In  the  drop  test  two  forms  of  construction  gave  very  poor  results — 
the  nailed  boxes  with  single-piece  ends  and  the  dovetailed  boxes 
with  thin  ends.  The  wire-bound  boxes  showed  great  ability  to 
withstand  the  drop  test,  and  far  surpassed  the  nailed  boxes  in  this 
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respect.  It  is  not  possible  very  accurately  to  compare  the  dove- 
tailed boxes  T\dth  the  others  tested  because  of  the  difference  in  the 
height  of  drop.  However,  it  is  evident  that  even  those  with  thick 
ends  were  much  inferior  to  the  wire-bound  boxes  and  somewhat 
inferior  to  the  nailed  boxes  with  cleated  ends. 
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CHANGES    IN   DESIGN    AS    INDICATED    BY    CHARACTER    OF 

FAILURES. 

The  values  resulting  from  the  tests  do  not  necessarily  apply  to  all 
nailed,  wire-bound,  and  dovetailed  boxes,  since  changes  in  mate- 
rial or  design  may  very  greatly  alter  the  strength. 
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XAILED    BOXES. 

The  failure  of  nailed  boxes  ^^dth  single-piece  ends,  -svithout  cleats, 
show  this  to  be  a  very  poor  construction,  since  in  12  out  of  IS  such 
boxes  subjected  to  drop  or  diagonal  compression  tests  both  ends  were 
spUt  completely  in  two,  while  in  4  of  the  remaining  6  boxes  one 
end  was  spUt.  The  nails  driven  into  the  end  grain  of  the  boards 
showed  very  slight  resistance  to  withdrawal. 
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In  the  case  of  boxes  with  cleated  ends,  faikires  did  not  occur  in 
that  portion  of  the  box.  The  chief  source  of  weakness  was  the  with- 
drawal of  the  nails  holding  the  top,  bottom,  and  sides  to  the  ends. 
An  end  made  of  thinner  boards  and  with  four  cleats  of  a  wood  of 
greater  nail-holding  power  would  probably  give  much  better  results. 

All  of  the  nailed  boxes  were  especially  good  in  respect  to  work- 
manship and  quality  of  material,  and  none  of  the  failures  can  be 
attributed  to  defects.  The  tests,  however,  do  not  justif}^  the  con- 
demnation of  aU  nailed  boxes.  The}'  merely  show  that  the  single 
piece  is  a  yery  poor  construction  and  indicate  the  necessity  of  using 
for  certain  parts  a  wood  that  will  resist  the  withdrawal  of  nails. 

WIRE-BOUXD    BOXES. 

Wire-bound  boxes  showed  a  well-balanced  construction.  The  top, 
bottom,  and  sides  were  held  firmh'  to  the  ends  by  the  wires  and 
by  staples  driven  into  red  gum  cleats.  The  boxes  had  no  especially 
weak  points,  although  the  ends  of  the  cleats  usually  broke.  This 
could  probably  be  remedied  by  reenf  orcing  the  ends  of  the  cleats  or 
by  changing  their  design. 

The  strength  of  the  wire-bound  boxes  increases  with  the  increase 
in  the  thickness  of  the  lumber  and  ^\dth  the  size  of  wire  or  number  of 
wires.  In  all  of  the  tests  the  wires  were  an  important  element  of 
strength. 

DOVETAILED    BOXES. 

The  thin  end  dovetailed  boxes  showed  an  unbalanced  construc- 
tion, since  the  joints  did  not  hold.  The  thick-end  boxes  were  much 
better.  In  both  cases  the  tongue-and-groove  joints  were  weak 
features  of  construction.  When  the  joints  in  adjacent  sides  and 
ends  were  in  the  same  or  nearly  the  same  plane  the  box  was  mate- 
rially weakened.  One  such  box  (No.  34),  which,  with  its  contents, 
weighed  205  pounds,  was  pulled  in  two  by  being  Hfted  by  the  upper 
corner  to  tilt  it  from  the  floor.  The  greater  rigidity  of  these  boxes 
resulted  in  less  damage  to  the  contents  when  the  box  failed  com- 
pletely than  was  the  case  with  any  of  the  other  boxes. 


SUMMARY. 
Table  1. — Detailed  summary  of  endwise-compression  tests. 
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Description  of  boxes. 


Result  of  tests. 


Type. 

Class. 

Material. 

Box 
No. 

Weight. 

Maxi- 
mum 
load. 

Com- 
pression 

at 
maxi- 
mum 
load. 

Work 

to 
maxi- 
mum 
load. 

Nailed 

Small 

...do 

...do 

...do 

Medium... 

...do 

...do 

White  pine,  §"  sides,  |"  ends 

Average 

1 
5 

Pounds. 
6.5 
6.5 

Pounds. 
13,000 
10,960 

Inch. 

0.075 

.105 

In.  lbs. 
384 
712 

6.5       11,980 

.090 

548 

•^"  red  gum  veneer 

9 
13 

5.0         5,520 
5.0         7.000 

.110 
.084 

344 
320 

Average 

5.0     1     6.260 

.097 

332 

White  and  Norwav  pine,  ^"  sides 
and  ends. 

Average 

41 
45 

Dovetailed... 

6.5 
7.5 

14.000 
17,000 

.093 
.146 

600 
1.080 

7.0       15,500 

.120 

840 

White  and  Norwav  pine,  ^"  sides, 
1"  ends. 

Average 

49 
53 

Do 

7.5 
7.5 

18,000 
19.000 

.095 
.135 

810 
1.230 

7.5 

18,500 

.115 

1,020 

White  pine,  f"  sides,  f"  ends 

Average . 

17 
21 

Nailed 

10.5 
10.0 

11,000 
7,280 

.079 
.092 

424 
376 

10.25 

9.140 

.086 

400 

■jpf"  red  gum  veneer. . 

{ 

25 
29 

Wire-bound 

7.5 
8.0 

7,090 
7,430 

.530 
.340 

3.168 

Average 

7.75 

7,260 

.435 

2,616 

I"  resawed  red  gum 

33 
37 

Do 

10.5 
10.5 

11,480 
11.700 

.150 
.160 

1,144 

...do 

...do 

Large 

...do 

...do 

Average  . . 

1,176 

10.5 

11.590 

.155 

1,160 

White  and  Norway  pine,  ^"  sides 
and  ends. 

Average 

1 
5 

Dovetailed. . . 

11.5 
11.5 

22,000 
21,000 

.175 
.165 

1.560 
1,080 

11.5 

21,500 

.170 

1.320 

White  and  Norway  pine,  ^"  sides, 
1"  ends. 

Average 

9 
13 

Do 

11.5 
12.5 

16,500 
25,000 

.170 
.130 

1.200 
1,500 

12.0    j  20,750 

.150 

1,350 

White  pine,  |"  sides  and  ends 

Average 

41 
45 

Nailed 

24.5 
25.5 

27.400 
30,900 

.280 
.290 

4,032 

4,288 

25. 0    1  29. 150 

.285 

4.160 

J"  resawed  red  gum 

49 
53 

"Wire-bound.. 

13.5 
14.0 

11,700 
12,300 

.220 
.245 

1.536 

A  verage 

1.504 

13.75 

1-7  nno 

.232 

1.520 

White  and  Norway  pine,  ^"  sides, 
i"  ends. 

Average 

33 
37 

Dovetailed... 

20.0 
21.0 

26.100 
27.000 

.215 
.225 

2.790 
2,560 

20.5    1  26,550 

.220 

2  675 
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